
STRAIGHT TI'EETS 

Design Criteria of Straight Inlet. The straight inlet terminates in 
the downstream direction at the origin of the upper curve. (see Fig. 5.) 
The actual depth of flow at the origin of the vertical curve if positive 
floor pressures are maintained on the vertical curve is between dc and 
0.715 dc .' The depth is governed by entrance conditions to the vertical 
curve and will generally be between 0.80 CLc and 0.715 d,. If no vertical 
curve were provided downstream from the inlet--that is, a sharp break in 
grade existed at the downstream end of the inlet--the depth of' flow could 
be less than 0.715 dc because of the occurrence of negative floor pressures 
immediately downstream from the break in grade. The critical depth of flow 
occurs at a section approximately 3 dc upstream from the vertical curve 
which provides positive floor pressures. Supercritical flow exists in the 
portion of the inlet downstream from the section at which critical depth 
occurs. This portion of the inlet will be a prismatic channel to insure 
favorable flow conditions at the vertical curve section. The floor (or 
crest) of the straight inlet where supercritical flow exists should be 
paved for two reasons: 

a. Earth channel bottoms are unstable in regions of supercritical 
flow and will cause disturbed flow conditions in the steep chute. 

b. A concrete floor along with the anti-seep collar provides a 
means of constructing a cutoff of flow by piping. 
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Discha,rge-Head Relationship for a Straight Inlet. The discharge-head 
relationship of a straight inlet is given by the weir formula 

where Q = discharge of inlet in cfs 
W = width of chute or inlet in ft 

'M. R. Carstens, Free Overflow has Rapidly Varying Characteristics, 
Civil Engineering, June 1955, Page 64. 



H = depth of flow over the crest (or floor) of inlet 
in ft (see Fig.5.) 

He = specific energy head referenced to the crest of the 
inlet or the head over the crest of the inlet in ft 

v, = mean velocity of approach at which the depth H is 
measured in ft/sec 

g = 32 -16 ft/sec 2 

The coefficient 3.1 will vary for various entrance conditions to the 
vertical curve section. Its value is slightly larger when the channel con- 
veying water to the inlet is wider than the width of the inlet. The value 
3.1 is conservative and its use is predicated on the assumption that He and 
v, are measured in a section having subcritical flow. 

Capacity of e Straight Inlet. The capacity without freeboard Qmi of a 
straight inlet is determined by the dimensions h, M, and W of the inlet. 
The value of h will determine the capacity without freeboard at the crest 
qmh per foot width of chute. The value of M will determine the capacity 
without freeboard qm at the downstream section of the inlet. The lower 
value of q d  2nd qm is the capacity of the inlet without freeboard qmi. 

The capacity without freeboard at the crest q* of the inlet is given 
by Eq. 2.4, page 2.10, when the head over the crest is equal to the height 
of the sidewalls. 

where qfi = the capacity at the crest of the inlet without 
freeboard in cf s/ft 

h = height of sidewalls over the crest in ft 

Values of q h  for various values of h are given by Table 1, ES-82, 
page 2.14. 

The section at the downstream end of the straight inlet has a sidewall 
height M equad to the height of the sidewall of the vertical curve section 
at this section. The criteria for determining the capacity q , ~  is given in 
the discussion of Verticel Curve Sections, page 2.121. Values of q , ~  for 
various values of M are given by Table 1, ES-88, page 2.125. 

As stated before, capacity of the inlet without freeboard qmi is equal 
to or slightly greater than the required capacity without freeboard qfr. 
Two types of straight inlets are given in the drawing of ES-82, page 2.13. 
The essential difference of the two types of inlets is the length of the 
inlet. For inlets having a capacity without freeboard of qmi = 20.196 cfs/ft, 
the value of M is 3,108 ft. When the capacity of the inlet without freeboard 
is equal to or less than q,i = 16.108 cfs/ft, the value of M is equal to h. 
Values of qmi are given by Table 2, ES-82, page 2.14. The capacities of in- 
lets without freeboard Qmi can be read from the graph of ES-82, page 2.15. 
The capacity qsi of the inlet can be determined by the relations 

qmi = (1.20 + 0.003 z) qsi 2.6 

The capacity qsi of inlets will be equal to or slightly larger than the de- 
sign discharge q,. 
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CHUTE SPILLWAYS: STRAIGHT INLETS 
Definition of symbols, Formulas, Dimensions, and Capacities 

Table 1 
C a p a c i t i e s  a t  
C r e s t  of I n l e t  

HYDRAULIC FORMULA 

Capacity of  s t r a i g h t  i n l e t  wi thout  f reeboard  

Qmi - QSi (1.20 + 0.003 Z )  - 3.1 ~ 3 ~ / ~  

Table 2 

DEFINITION OF SYMBOLS 

11 = Height of s i d e w a l l s  and wingwalls abovc f l o o r  i n  f t  
hr = S p e c i f i c  energy head a t  t h e  c r e s t  of t h e  i n l e t  c o r r e -  

spondxng t o  des ign  d i s c h s r ~ e  Qr i n  f t  
h f r  = S p e c i f i c  energy head a t  t h e  c r e s t  of t h e  i ~ l e t  c o r r e -  

sponding t o  t h e  d i s c h a r g e  Qfr i n  f t  
M = Height of s i d e w a l l  above f l o o r  a t  junc t ion  wi th  

v e r t i c a l  curve  s e c t i o n  i n  f t  
b i  = Required width of  f o o t i n g  at  junc t ion  of s i d e w a l l  and 

w i n m a l l  i n  f t  
W = Width of i n l e t  i n  f t  
Z = V e r t i c a l  drop from c r e s t  of i n l e t  and f l o o r  of S& 

o u t l e t  i n  f t  

He = S p e c i f i c  energy head a t  crest of i n l e t  cor responding  
t o  any d ischarge  Q t h e  i n l e t  i s  capable  of convey- 
i n g  i n  f t  

QL = Design d iscaarge  i n  c f s  
Q f r  = Required c a p a c i t y  without f reeboard  i n  c l s  
Qsi = Capacity of i n l e t  i n  c f s  
Qmi = Capacity of i n l e t  wi thout  f reeboard  i n  c f s  
Qmli = Capacity of i n l e t  wi thout  f reeboard  a t  t h e  c r e s t  i n  c f s  
Qfl = Capacity of i n l e t  wi thout  f reeboard  at t h e  o r i g i n  of 

t h e  upper v e r t i c a l  curve  i n  c f s  
Q = Discharge i n  c f s  
qsi = Capacity p e r  f o o t  width of  i n l e t  i n  c f s / f t  

qmi = Capacity p e r  f o o t  width of i n l e t  wi thout  f reeboard  
i n  c f s / f t  
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CHUTE SPILLWAYS: STRAIGHT INLETS 
Capacities without f reeboard  in c f s ;  Q m i  
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CHUTE SPILLWAYS: STRAIGHT INLETS;  Example 

EXAMPLF: -- 

Given: Design discharge Q, = 320 c f s  f o r  a chute width of W = 12 f t .  The v e r t i c a l  
drop of t h e  chute from the  c r e s t  of  t h e  i n l e t  t o  t h e  f l o o r  of t h e  SAF o u t l e t  i s  
31 f t .  No wave ac t ion  i s  an t ic ipa ted  i n  t h e  channel upstream from t h e  i n l e t .  

Determine: 1. Dimensions of  s t r a i g h t  i n l e t  f o r  t h i s  chute 
2.  Recommended freeboard i n  P t  
3. Actual freeboard i n  f t  
4. Capacity of t h i s  i n l e t  i n  c f s  

Solution: 1. The discharge Qfr t h e  i n l e t  i s  required t o  convey without freeboard i s  

a .  The ava i lab le  i n l e t  having a width of W = 12 f t  capable of  conveying t h i s  
discharge without freeboard a s  read from sheet  3 i s  h = 5.00 f t ;  M = 4.50 f t .  This 
i n l e t  i s  capable of  conveying 416 c f s  without freeboard 

b.  This cailculation can a l s o  be made by determining t h e  value of  q, = % , then 

The ava i lab le  i n l e t  capable of conveying t h i s  discharge according t o  t a b l e  2 sheet  
2 i s  again h = 5.00 f t ;  M = 4.50 f t  

2 .  The recommended freeboard is  t h e  d i f fe rence  i n  t h e  s p e c i f i c  energy heads a t  
t h e  c r e s t  required t o  discharge Qfy and Qr. The s p e c i f i c  energy head hr a t  the  c r e s t  
required t o  discharge t h e  design d ~ s c h a r g e  Q, i s  

[ Q r  I"' = [ 520 12/' 
h = -  
r 3 . 1  w (3.1) (12) = 4.20 f t  

The s p e c i f i c  energy head hfr a t  t h e  c r e s t  required t o  discharge t h e  recomended f ree-  
board discharge Qfr is  

The recommended freeboard i s  hf, - hr = 4.97 - 4.20 = 0.77 f t  

3 .  The a c t u a l  freeboard i s  t h e  d i f fe rence  i n  t h e  height  of  t h e  sidewall above t h e  
c r e s t  and t h e  s p e c i f i c  energy head hr a t  t h e  c r e s t  required t o  discharge t h e  design 
discharge Qr 

h - hr = 5 .0  - 4.20 = 0.80 f t  

I 4. The capaci ty of t h e  i n l e t  Qsi i s  t h e  discharge the  i n l e t  i s  capable of d i s -  
charging with the  recomended freeboard 

= 3.1 wh3/2 Q~~ = (1.20 + 0.003 z) Q~~ 

Gi = (3.1) (12) (5)3/2 = 415.9 cfs 41 . 
Q S ~  = 1.20 + O?O& (31) = 

cfs 
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